E ndoscopic ultrasound (EUS) has led to many changes in the investigation of gastrointestinal diseases. The assessment of proximal submucosal gastrointestinal lesions, and the evaluation of abnormal lymph nodes, pancreatic lesions and the distal biliary tract, are wellrecognized clinical indications.
EUS IN PHT
This topic has been addressed in several recently published reviews (1) (2) (3) (4) .
Visualization of portal collaterals and pathophysiological significance EUS enables the visualization of esophagogastric varices and other venous collaterals in patients with PHT, and can be useful to assess the patency of the portal venous system. Due to their size, the diagnostic yield of the first echoendoscopes was limited because they compressed esophageal varices (EV). Newer echoendoscopes have a diagnostic accuracy comparable with standard esophagogastroduodenoscopes (EGDs) as reported by Lee et al (5) , who obtained respective sensitivity and specificity values, and positive predictive values and negative predictive values of 96.4%, 95.8%, 96.4% and 95.8% for EV, and 43.8%, 94.4%, 77.8% and 79.1% for the diagnosis of gastric varices (GV) in a group of patients with cirrhosis not known to have gastroesophageal varices (GEV). A good correlation between the two modalities was obtained for EV, with a Kappa coefficient of 0.855. Kane et al (6) demonstrated a correlation between the grading of EV using a transnasal endosonographic high-resolution (20 MHz) probe and EGD (kappa coefficient = 0.63). Smaller varices were detected at an earlier stage.
In addition, EUS combined with colour Doppler imaging enables better appreciation of gastric submucosal lesions than EGDs before proceeding to the biopsy of potential GV ( Figure 1 ). There is currently no established classification of GEV assessed by EUS. However, this technique enables the measurement of varices, as opposed to EGD, in which classifications rely on subjective evaluation.
The usefulness of EUS was also demonstrated in a study that evaluated the so-called hematocystic spots on EV in patients with liver cirrhosis (7) . The high-resolution EUS probe demonstrated that these spots are focal weaknesses in the variceal wall producing an aneurysmlike projection. Follow-up of these patients revealed that the presence of hematocystic spots is associated with a high risk for a first bleeding and subsequent rebleeding.
EUS enables visualization of other portosystemic collaterals such as periesophageal collateral veins (peri-ECV), paraesophageal collateral veins (para-ECV) and perforating veins (PfV) (Figure 2 ). EUS also helped to understand the role of portosystemic collaterals in the formation of GEV. Peri-ECV are located in the connecting tissue surrounding the esophagus, adjacent to the muscularis propria. Para-ECV Endoscopic ultrasonography (EUS) is used to evaluate patients with hepatobiliary diseases. The technique is useful for the diagnosis of esogastric varices in selected cases of portal hypertension, and to evaluate the pathogenic role and prognostic value of the collateral circulation in patients with this condition. When coupled with the Doppler technique, EUS can be used to guide injection sclerotherapy and to verify the obliteration of varices (particularly fundal varices) after endoscopic treatment. Hemodynamic changes induced in the collateral circulation by vasoactive drugs can also be measured with Doppler-EUS. Fine-needle aspiration under EUS guidance is useful in the diagnosis of focal liver lesions and perihepatic adenopathy, and in the evaluation of biliary tract diseases. New indications can be developed in the future after adequate experimental validation. run outside of the esophageal wall. PfV connect extramural collateral veins to the submucosal varices. Percutaneous transhepatic portography also permits visualization of these collaterals, but it cannot establish their precise location in relation to the esophageal wall, and is significantly more invasive than an endoscopic procedure.
The validity of assessment of the collateral network by EUS was evaluated in a comparison with autopsy findings in four patients with EV who underwent endoscopic injection sclerotherapy (EIS) followed by EUS (8) . A good correlation between EUS and autopsy results was demonstrated. In 22 patients with untreated EV, EUS of the collateral network was studied: all patients had collateral veins adjacent to or outside of the esophagus, compared with none in five healthy controls. Peri-ECV were significantly larger in patients with the largest varices (F3 [as described by the Japanese Society for Portal Hypertension]). The mean number and diameter of PfV connecting peri-ECV and EV increased when the F factor was higher. There was no correlation between para-ECV and their PfV and the size of EV as assessed by a EGD (9) .
The prognostic value of para-ECV was studied by Irisawa et al (10) . After EIS, esophageal varices recurred in patients with para-ECV and PfV, but not in those without PfV. Therefore, para-ECV and PfV probably represent an important collateral pathway in PHT, and their presence is associated with an increased risk of variceal recurrence.
EUS was used to search for the presence of a gastrorenal shunt in patients with gastric fundal varices (11) . A kappa index of 0.9 between EUS and computed tomography (CT) imaging was obtained, illustrating a good diagnostic accuracy and suggesting that EUS could help select patients for balloon retrograde transvenous obliteration (12) .
EUS also enables the detection of rectal varices in a greater proportion of cirrhotic patients than endoscopy (13) . However, its role in the investigation of lower digestive hemorrhage in cirrhotic patients remains undefined.
EUS has proven to be helpful in the evaluation of the patency of the portal venous system ( Figure 3 ) when combined with the Doppler technique. Lai and Brugge (14) demonstrated an overall diagnostic accuracy of 0.89 for EUS for portal venous system thrombosis in a retrospective study of 45 patients. In addition, EUS was shown to be more reliable than transabdominal Doppler ultrasonography in assessing the patency of the portal venous system including the splenic vein -a key vessel in the pathogenesis of isolated GV (15) .
EUS enables good visualization of the azygos vein -an important collateral pathway in PHT. Azygos blood flow (AzBF) measurement has been validated recently using a flow phantom (16); it has been used as an index of variceal blood flow at baseline and under the influence of different vasoactive drugs. Kassem et al (17) studied the influence of EUS on azygos vein circulation, and described significant increases in vessel diameter, maximal velocity and blood flow volume index in patients with PHT. The validity of colour Doppler imaging for the determination of AzBF was demonstrated by another study (18) that compared it with the thermodilution method (correlation coefficient = 0.875). Doppler EUS was then used to evaluate the acute hemodynamic effects of the infusion of the vasoactive agents somatostatin and octreotide on portal circulation. Results showed an initial decrease in AzBF after infusion of both substances (within 10 min) for both when compared with placebo. This was followed by a rebound increase in AzBF after 60 min of somatostatin infusion and a return to baseline values for octreotide (18) .
In an effort to better predict the risk of variceal bleeding, endoscopic EV pressure recording using a pneumatic balloon has been proposed. However, this technique yields important variability with time. Therefore, Pontes et al (19) proposed using endoscopic power Doppler imaging to directly monitor variceal pressure during balloon compression. Successful determination of variceal pressure was achieved in 26 of 28 patients with liver cirrhosis. Their results were
Figure 1) Endoscopic image of gastric varices (GV)

Figure 2) Left panel Perigastric portal hypertension. Endoscopic ultrasound with Doppler array showing a paragastric collateral vein (A), perigastric collateral vein (B) and gastric varices (C). The gastric varices are located in the submucosa, which corresponds to the hyperechoic layer surrounded by adjacent hypoechoic layers (mucosa and muscularis propria [MP]). Right panel Perforating vein. Endoscopic ultrasound with Doppler array showing a large perigastric collateral vein perforating (thick arrow) the MP of the gastric wall (thin arrows), leading to a significant submucosal varix
Finally, it has been shown in animal studies that the portal venous system can be catheterized under EUS guidance (20, 21) , and that an intrahepatic portosystemic shunt can be created successfully (22) . (25) demonstrated that the presence of patent PfV before and after EIS, and the presence of cardiac intramural veins were significantly predictive of early recurrence of EV. A similar study evaluating the number of cardiac vessels by EUS at the time of combined endoscopic therapy (26) showed that the number of these vessels was predictive of variceal relapse.
EUS IN THE CLINICAL mANAGEmENT oF PHT
Studies have also focused on the left gastric vein (LGV), which is the main feeder of EV. The LGV divides into an anterior branch, flowing into EV, and a posterior branch that connects to the azygos and hemiazygos system. Kuramochi et al (27) performed EUS with colour Doppler imaging before and after endoscopic variceal ligation (EVL) in 68 patients with medium to large EV. Patients were classified as high-risk for relapse if they had a dominant LGV with high-velocity blood flow in the anterior branch. Follow-up showed that the incidence of EV relapse was higher in these patients.
Sato et al (25) demonstrated that the presence of inflowing PfV before and after EIS, and the presence of cardiac intramural veins were significantly predictive of early recurrence of EV. As a consequence, Lahoti et al (28) proposed a new approach to eradicate EV. EIS was successfully performed in five cirrhotic patients under EUS guidance. Importantly, feeder collateral vessels were injected until blood flow was undetectable. The mean number of endoscopic sessions was 2.2, with no recurrence of bleeding, although esophageal stricture formation was observed in one patient.
A randomized controlled study (29) compared conventional EIS with EUS-guided EIS in 50 patients with liver cirrhosis and EV. Once again, the target vessels were the PfV supplying the submucosal varices. After at least one year of follow-up for most patients, variceal recurrence occurred in four patients in the EIS group and in two patients in the EUS group (P=0.321). Collateral vessels were noted to have recurred in those two patients. Significant bleeding was not reported.
EUS was used to guide the injection of cyanoacrylate in a small study involving five patients with GV (30); eradication was successful and no complications were reported. In addition, EUS can be used to evaluate the obliteration of GV after histoacryl injection.
INVESTIGATIoN oF HEPATIC AND BILIARY TRACT LESIoNS
FNA is one of the most frequent applications of EUS in the investigation of upper gastrointestinal lesions. Its use in lesions of the liver and biliary tract has been described in many articles. Hilar as well as right and left lobe lesions can usually be sampled. Cytology/biopsy of liver lesions is a common indication for EUS-FNA to diagnose primary or metastatic malignancy. Single-centre series reported that EUS-FNA is similar to CT-FNA in terms of diagnostic accuracy and management of liver lesions (31).
Hepatocellular carcinoma (HCC) is an important cause of mortality among cirrhotic patients. The importance of an early diagnosis to increase the chances of curative therapy has been well established. Current screening strategies include alpha-fetoprotein (AFP) level measurement and abdominal ultrasound (US) twice a year. The role of FNA under endoscopic guidance has been reviewed recently (32) . A single-centre prospective study compared EUS with abdominal magnetic resonance imaging (MRI), CT and US for the detection of HCC in a small series of patients judged to be at high risk based on an elevated AFP level (>8.1 ng/mL) (33) . The diagnostic accuracy of US, CT, MRI and EUS/EUS-FNA were 38%, 69%, 92% and 94%, respectively. EUS had a clear advantage over CT for the detection of small lesions; the authors reported that they were able to perform multiple aspirations in the right liver lobe. A diagnostic algorithm was proposed in which EUS is used for high-risk patients with negative or inconclusive CT, or poorly accessible lesions.
Awad et al (34) used EUS for preoperative evaluation before resection of HCC or metastatic lesions in 14 patients, which had a clear influence on management. EUS had better sensitivity than CT for detecting liver lesions as small as 0.3 cm in size. It also helped differentiate metastasis from hemangioma in two patients.
A single-centre series of 77 patients evaluated with EUS-FNA for solid liver lesions (35) showed good sensitivity for malignancy (82% to 94%), without reported complications and an impact on patient management. A second single-centre series of 41 patients (36) obtained similar convincing results for the diagnosis of malignancy.
Biopsies of the liver parenchyma can be obtained in nonmalignant diseases under EUS guidance. In 21 patients with suspected parenchymal disease, liver biopsies had a mean length of 9 mm, and contained two complete portal tracts and three partial portal tracts (37) , with a diagnosis made in 19 patients. In a second study (38) , nine patients were evaluated and, after a mean of two biopsy samples, five to eight complete portal tracts were available for analysis. A histological diagnosis was established in all patients and no procedurerelated complication was reported. All nine patients had normal platelet counts and prothrombin time, except for mild thrombocytopenia in one. EUS-guided liver biopsy has not been directly compared with percutaneous or transjugular biopsy (39) . Coagulopathy (platelets <50,000/mm 3 ; international normalized ratio >1.5) contraindicates a US-guided liver biopsy. Therefore, sampling of liver parenchyma can be performed and may be cost effective in patients who already have an indication for EUS evaluation.
EUS is a valuable tool in the workup of biliary tract lesions. It may help differentiate cholangiocarcinoma from other malignancies and from benign diseases. In most published series, EUS was used in patients who had inconclusive results after endoscopic retrograde cholangiopancreatography or CT-guided biopsy (40) (41) (42) (43) . It was also reported to be useful in the staging of patients with proven cholangiocarcinoma and hilar lymph nodes of unknown cause because FNA helped classify the lymphatic extension (44, 45) .
CoNCLUSIoNS AND FUTURE PERSPECTIVES
The usefulness of endoscopic ultrasonography in the evaluation of liver diseases is summarized in Table 1 . Analysis of the venous collateral pathways around the esophagus and the stomach in patients with PHT using a combination of EUS and Doppler techniques has improved our understanding of the pathophysiology of EGV (46) . Compared with conventional upper endoscopy, it is as accurate for evaluating EV, and more accurate for diagnosing GV and differentiating them from other submucosal lesions. Analysis of the collateral vessels of EGV helped understand the role of peri-ECV and PfV in the formation of EVs and their recurrence after successful endoscopic eradication (47) .
The role of EUS in the therapeutic algorithm for GEV remains to be defined. It could be used to better evaluate the risk of recurrence and rebleeding of EV (48) , or as a therapeutic tool to perform sclerotherapy of feeder vessels. It could also help to stratify patients who are at risk for bleeding, and provide support for more aggressive therapy with frequent endoscopic treatments, or a combined endoscopic and pharmaceutical approach. EUS can help confirm the eradication of GV after histoacryl injection. It can be used in the preoperative evaluation of patients before surgery for GV (49, 50) .
EUS-guided FNA is a reliable and safe approach for sampling lesions in cirrhotic patients with coagulopathy (50, 51) . Main biliary tract, hilar and left liver lesions are accessible, and EUS is an interesting option for smaller lesions, if US or CT-guided sampling is judged to be nonfeasible, or if malignancy remains to be excluded even after a negative CT scan. Liver biopsy in a nonmalignant setting cannot currently be considered superior to a transjugular approach because it is contraindicated in the presence of coagulopathy.
Experiments in animal models and in humans enabled tissue sampling, portal vein catheterization and hemodynamic assessments in patients with PHT, which illustrates the vast potential of EUS. Its use has some limitations due to its availability. It is currently performed mostly in tertiary centres, and cannot be expected to be available to evaluate cirrhotic patients routinely. This limits the use of this technique to specific situations that have yet to be clearly defined. Better access to equipment and training is expected to increase its use in hepatology in the near future. 
The role of EUS in the therapeutic algorithm for GEV remains to be defined. It could be used to better evaluate the risk of recurrence and rebleeding of EV (48), or as a therapeutic tool to perform sclerotherapy of feeder vessels. It could also help to stratify patients who are at risk for bleeding, and provide support for more aggressive therapy with frequent endoscopic treatments, or a combined endoscopic and pharmaceutical approach. EUS can help confirm the eradication of GV after histoacryl injection. It can be used in the preoperative evaluation of patients before surgery for GV (49, 50) .
Experiments in animal models and in humans enabled tissue sampling, portal vein catheterization and hemodynamic assessments in patients with PHT, which illustrates the vast potential of EUS. Its use has some limitations due to its availability. It is currently performed mostly in tertiary centres, and cannot be expected to be available to evaluate cirrhotic patients routinely. This limits the use of this technique to specific situations that have yet to be clearly defined. Better access to equipment and training is expected to increase its use in hepatology in the near future.
